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An investigation
characteristicsof 15

from 2.0 X 3-06to 0.7

SUMMARY

A. Smith

has been made of the,two-dimensionalaerodynamic
NACA ahfoils at fourRq@olds numbers

x 106. Thesedata,togetherwith thosefrom

--

previousNACA papers‘forthe sameairfoifiat threeReynoldsnunibers

from 3.0 x 10b to 9.0 x 106,are presentedand.analyzedin the present
paper. The airfoilsinvestigatedconsistedof 10 systematicallyvsried
NACA 6-seriesairfoilsand 5 atifoilsof the NACA 4- and 5-digit series.
The NAM 6-seriesairfoilshad thic~ess ratiosvaryingfrom 9
to 18 percentof the chord,(Lesi~liftcoefficientsvaryingfrom O
to 0.6,and.positionsof ~um pressureon the basic thic~bss form
at zero lift varyingfrom 30 to 60 percentof the chord. The NACA 4-
md ~-digit-seriessectionstivestigatedconsisted.of the NACA 0012,
and the JIMA 44- and 230-seriessectionsof 12-percentand is-percent
thiclmess. The testswere made for both smoothand rough surface
conditionsand also includedthe determinationof the effectivenessof
the Mff erentairfoilsat variousReynoldsnumberswhen equippedwith
splitflaps.

The resultsof the investigationindicatethat the drag coefficient
at the designlift coefficientand the maxtmumlift coefficientere the
iqortant aerodynamiccharacteristicswhichme most affectedhy
variationsin theRemolds numberbetween9.0 X 1C6 md 0.7 X l&. For
eachof the 15 airfoilsin both the smoothand rough surfaceconditicme,
the drag coefficientat designlift increasedas the Re~lds number

was loweredfrcxu9.0 x l& to 0.7 x lC$. For the smoothNACA 6-series
airfoilsthe magnitudeof this increaselecamelargerwiti increasing
atifoilthicknessand with rearward movementof the pcmitim of minimum
pressureon the basic thiclmessform at zerolift. ~ the rcmgh surface
conditionand at the lowerReynoldsnunibersin the smoothsurface
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condition,the savingin minimumdrag to be derivedfrom the use of
NACA 6-seriesas ccqared with NACA 5-digit-seriesairfwilsections
disapp=rs,

.

i. —

DecreasingUe Reynoldsnumberfrom 9,0X lC$ to 0.7 Xl& caused
reductionsin the -tium lift of all the airfoilsin both the smoth
and roughsurfaceconditions.The magnitudeand characterof this
reductionvariedratherInconsistentlywith airfoildesignand surface
condition,however,so that the comparativemeritsof a grouyof airfoils
changedmarkedlyand in a ratherunpredictablemannertithReynolds
numberand surfacecondition.

INTRaDucTIcm
..

Two-dimensio~laerodynamicdata correspo~i~ to Reynoldsnumbers

of 3.OX d 6.OX 106,
J

and 9.0 x 1(6 are now generallyavailable
(reference1 for a yatherlargenumber& systematicallyderived
NACA 6-seriesand A-digit-and 5-digit-seriesairfoilsections.Although z
the rangeof Reynoldsnumbercoveredby the investigationsreportedin
reference1 is reasonablywide, engineeringdesignproblemssuchas
may be encounteredin the selectionof wing sectionsfor small,personal-

.b

typeairplanesmay requiredatafor a rangeof Re~lds numberextending

below 3.0 x106.

With a view toward~oviding a basis uponwhichto chooseairfoils
for suchapplications,the two-dimensional.aerodynamiccharacteristics
of 15 MCA airfoilsectionshave been detemined at Reynoldsnumbers

of 0.7x 106,1*OX 106, 1.5X106, elld2.oxlo6. The resultsof this
investigationere givenin the presentpaper. In orderto givea more
comprehensivepictureofithemannerin which the aerodynamic
characteristicsof the 15 aitioilsvary withRe~olds number,data

obtainedfor theseairfoilsat Reynoldsnumbersof 3.0 x 106, 6.o x 1($,

and 9.0 x 106 (references1 to 3 and previouslyunpublisheddata)are
alsoqresented.

The airfoilsinvestigatedconsistedof 10 MACA 6-seriessections
and 5 airfoilsofltheNACA 4- and 5-digit-seriesgroups. The airfoils
were chosento show the’effectupon the resultantaerodynamic
characteristicsat differentReynoldsnumbersof systematicvariations
In airfoilthiclmess,camber,and thiclnessdistribution.Lift,
drag,and pttching-momentdataare presentedfor each of the plain,smooth

airfoilsat the sevenReynoldsnumbersfrom 0.7 X106 tO 9.OX lK. A ●

●
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.
sufficientmount of data is also,includedto show the effectsof
leading-edgeroughnessand EIplitflapsupon the characteristicsof the
airfoils.

sYMBaLs

sectiondrag coefficient

sectionMPt coefficient

maxhnm sectionlift coefficient

sectiondesignlift coefficient

sectionpi.tching-mment
center

sectionpitchhg-nmment
pdlt

sectionangleof attack

coefficientaboutaerodynamic

coefficientabout.q=ter-chord

sectionangle of zerolift

sectionlfit-curveslope

Reynoldsnnnber

airfoilchord

distancealong chord ‘

distance_perpendicularto chord

AIRFons

The airfoilsinvestigatedconsfstedof 10 NACA 6-seriessections
snd 5 NACA 4- and 5-digit-seriessections. The airfoilswere selected
to show the effectupon the resultantaerodynamiccharacteristicsof
systematicvariationsh thickness,mber, and thiclmessdi~tribution.



4 ?’IACATN lgky

The 10 NACA 6-seriesairfoilscan be groupedas followsto showthe
systematicvariationin designparameters:

Thickness Caniber Thickness-distribution
variation variation variation

NACA airfoil

64-409 641-OM 632-415

641-4u 641A~2 642-415

642-415 641-4u 652-415,

643-418 641--6u 662-415

The NACA 64-seriesthicknessformwas chosenfor the basic
investigationof the effectsof thiclmessratiosad.camberbecause,on
the basisof the higherReynoldsnumberresultspresented.in reference1,
thisthiclmessformwas believedto representthebest ccmpmtise .

betweenairfoilliftand drag characteristicsin both the smoothand
rough surfaceconditions.The use of.emNACA &l-seriesthicknessform

--

for the investigationof the 12-percenti-thickairfoilwith 0.2 design ●

lift coefficientwas promptedonlyby theavailabilityof the testmodel.
On the basis of the datapresentedin reference3, the use of’the slightly
modifiedthicknessform in this casewouldnot be expecttito alter the
validltyof the comparisonof-themore importanteffectsof cemberupon
the aerodynamiccharacteristicsof the airfoils. Exceptfor the
investigationof the effectofvariationin mount of camber,the
NACA a = 1.0 mean line camberedfor a designMf’ticoefficientofiO.k
was used in all cases,sincethe use of thismean linewith 0.4 design
lift coefficientgenerallyresultsin goodmadmum lift che+cteristics
wi”thout”zausingappreciableincreasesin theminimumdrag or excessive
valuesof’the pitchingmoment(reference1). Amountsof camber

.

correspondingto designltit coefficientsgreaterthsa 0.6 were not
investigatedbecausepreviousexperience(reference1) has Micatid
that suchlargeamountsof camberhave an adverseeffectuponthe drag
withoutcausingmy markedimprovementin I@xti~ lfit~ A~fofls ~v~
thicknessratiosnot includedin the rangefrom 9 to I-8perc~t of the chord
were not investigatedbecausetheywere notioughtrtu be of’very great
interestin the designof personal-typeairplanes.

The”NACA4- and s-digit-seriesairfoil~”forwhich experhnentaldata
were obtainedexe as foUows: u-

NACA MI-2 NACA 4412 , NACA23012 s“

NACA 4415 NACA23015
*

.
.



IfACATN 1945 5

.

These~rticulsr airfoilswere chosenfor investigationbecausethey
have been employedquiteextensivelyin the past;hence,a caqarison of
theirmeritsrelativetm thoseof the NACA 6-seriessectionsthroughout
the rangeof Reynoldsnumberfrom 0.7 x 106 to 9.0 x lb aeetiddesirable.

Com@ete descriptions,includingthe methodsof derivationand
theoreticalyressure-distributiondata,can be found in reference1 for
all the airfoilsinvestigated.exceptthe NACA 641~2 section,for which
correspondinginformationis includedin reference3. OW.natef3for
the 15 airfoilstestedare presentedin tablesI to XV.

were

A.mmATus ANDTmTs

Models.- The 24-inch-chordmodelsof the airfoilsectionstested
constructedof lamlnatedmahogaqy. The surfacesof the modelswere

lacqueredand then sandedwith lTo.-400Carborundumpaper.

Wind tunneland testmethods.-The experimentalinvestigationwas
conductedin the Langleytwo-dtiensionallow-turbulencetunnel. The
test sectionof this tunnelmeasures3 feet by 7.5 feet and,when
mounted,the mcdel completelyspemsthe 3-footMraension. Since this
tunneloperatesat atmosphericpressureonly,theReynoldsnumberis
variedby means of the tunnelairspeed. Lift measurementsare usually
made in this tunnelby takingthe differenceof the integratedpressure
reactionuyon the floorand ceilingof the tunnel(reference4). Because
of the sm12 Qusnic pressuresinvolvedin the Tresentinvestigation,
however,more accurate&asurements of the lift were obtainablewith
the three-componentbalancewhich is part of the equipmentof the low-
turbulencetunnel. The pitching-momentmeasurementswere alsomade with
the balance.

For the testsusingthe balance,the modelswere supportedin the
tunnelon tmznnionsextendingthroughthe tunnelwaUs from the balance
frame. A smallgay was a~owed betweenthe ends of the model and the
tunnelwalJf3to insurefreedomof movementof the balance. Sinceair
leakagethroughthesegapswas consideredas a yossiblesourceof error,

lift testswere’madeat Reyn~ldsnwnbersof 2.0x106 and 1.5 X106
with the gaps openand then sealed. The measurementsfor the gaps-sealed
conditionwere made by means of the tunnelfloorand ceilingpressure
orifices;for the gaps-openteststhe balancewas used. Resultsobtained
by the two methodsagreedto withinthe experimentalerrorfor these
Reynoldsnumbersand wouldbe expectedto agree equallyweU at the lower
Repolds numbers.

Similarccqarative testshave shown,however,thatmore accurate
measurementsof the tiagare ~ossiblewith the wake-surveyapparatus
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thanwith the bal.smce.Hence,all dragmeasurementswere takenby the
wake-surveymethod(reference4) with the gapsbetweenthe modeland
tunnelwalls sealedwith felt packimg.

.

Tests.- The testsof each smooth,plainairfoilconsistedOF
measurementsof the sectionlift,drag,and quarter-chordpitching

momentat Reynoldsnumbersof 2.0 x lC$, 1.5 x ld, 1.0 x 106,

and 0.7x 106. ti none of thesetestsdid theMach nuriberexceed0.15.
With the exceptionof the NACA 641U airfoilsection,liftand pitching-
momentmeasurementsat each of the fourReynoldsnmiberswere also made
for the smoothairfoilsequippedwith 0.20csimuJatedsplitflaps
deflected600. ~ addition,ail of the measurementsexceptthoseof the
pitchingmomentwere repeatedwith standardroughnessappliedto the
leadingedgesof the airfoils. The standardro~ess employedwas the
sameas that used in previousinvestigations(references1 to 3) and
consistedof O.OIJ_-inch-diameterCarborundumgrainsspreadovera
surfacelengthof 8 percentof the chordmeasuredfrom the leadingedge
on the upperand lowersurfacesof the airfoils. The ~ahs were thidl.y
spreadto coverfrmn 5 to 10 percentof thisarea.

In oixlerthatcomparativedata shouldbe availablefor all the

airfoilsin the rangeof Reynoldsnumberfrom 9.0 x106 to 0.7 x lC$, it
was necessaryto make standardtests(reference1) in the lkmgleytwo-
dimensionallow-turbulencepressuretunnel of the IiAoA64-409

MNACA 6~6u airfoilsat Reynoldsnunibers&3,0xlc$, 6.OX 106,

and 9.0 x Id sincethesedatahad noirpreviouslybeen obtained. In
addition,supplementarytestswere made in the Langleytwo-dimensional

low-turbulence~ressuretunnelat a Reynoldsnumberof 6.o x lC$ of the
NACA 230E tiNACA 23015sectionsequilped.withsplitfbps. Such ti’b
are availablein references1 to 3 for the otherairfoilstest- in the
presentinvestigation(withexceptionsas alreadynoted)and were
considerednecessaryfor the NACA 2301!2and NACA 2SO15sectionsin order
to compareadequatelythe typeof scaleeffectshownby thosesections
with that of the othersectionstested.

.

RESULTS

The resultsare presented(figs.1 to 15) in the
aerodynamiccoefficientsrepresentingthe lift,drag,
pitchingmoment. Eachfigureis in threeparts. The

form of standard
and que&mr-chord
liftdata for the

.

,

—..

plainaitioilsand the airfoilswith splitf%~s are containedin parts(a)
and (h),respectively,togetherwith the appropriatequarter-chord
pitching-momentdata;the dragresult~and data on the aerodynamic .

centerand the momentcoefficientabohtthispointare containedinpm.% (c).

*
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The Remolds numberrangefor which the plain,smootha rfoilcharacter-
&isticsare presentedextendsfrom 9.0 x 106 to.0.7 X 1 . Data are

presentedfor each of the platiairfoilswith roughenedleadingedges
and for most of the airfoilswith splitflaps in both the smoothand ro~h
surfaceconditionsat fiveReynoldsnmbers from 6.0 x 106 to 0.7 x H$.
The characteristicsat a Reynoldsnumberof 6.0 x 106 of the NACA ~12
- NACA 4415 sectionswith sylitflapssre not availablein reference1
for the rough stiace condition,nor were thesedata obtainedin the
presenttivestlgation.I&m the quarter-chordpitching-momentdata,
the positionof the aerodynamiccenterand the variationof the moment
aboutthispointwere calculatedand are presentedfor each of the plain,
smootiairfoils(figs.1 to 15, ~rt (c)).

The influenceof the tunnelboundarieshas been removedfrdm the
aero@amd.c datafor all.the airfoilsections. The followingequations
(developedin reference4) which containthe correctionfactorsfor the
NACA 6~-Q.5 airfoilshowthe orderof magnitudeof the boundaryeffect:

cd = O.gglcd’

Cz = o.976cl’

%/4
= 0.991~/4’

%3 = 1.o15~’

where the prhnedquantitiesrepresentthe coefficientsmeasuredin the
tunnel.

DISCUSSION

A detailedevaluationof the comparativemeritsof a largenuniberof
airfoilsis givenin reference1 for aReynold.snunberof 6.o x 106. b
the presentpapersucha detailedevaluationis not attemptedfor each
of the sevenReynoldsnumbersinvestigated,but, rather,the data are
-zeal to showthe effectsof severalairfoildesignparametersupon
the mannerin which the more important,aerodynamiccharacteristicsof the
airfoilsvsxywithReynoldsnmnber. As an aid to this study,crossplots
(figs.16 to 22) ere used to show sane of the importantaerodynamic
characteristicsof the airfoilsas functionsof Reynoldsnwnber. The
aerodynamiccharacteristicsdiscussedconcernthe drag,the ldft,and
the pitchingmoment.

.

.
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Drag

.

?

The generalform of the bag polarscorrespondingto the various
Reynoldsnumbersmay be seenin figures1 to 15. The princi 1 effects

?on the drag of decreasingtheReynoldsnuniberfrom 9.0 x .10 tcs0.7x 106
appearto he a variationin width of-theflat portionof the polars,an
increaseb-value of the minimumdrag coefficient,and a steepen@ of
the hag curvesbeyondthe flat portionof the polars.

---%
- The extentor the Mft-coefficientrrange over

which the 10 NACA -seriesairfoilsin the smoothconditionhave low
drag,whioh correspondsto extensivelaminarflow,generallyincreases
as the Reynoldsnumberis lowered,with the greatestincreaseusually
occuming as theReynoldsnuuiberis loweredbelow3.0 x 106 (figs.1
to 15). The magnitudeof the effectis greatestfor the airfoilsof’
greatestthickness,highest-designlift coefficient,and farthestrem-
ward positionof mintiumpressure. It is of interestto note that the
aotuallow-dragrangeis considerablygreaterthanthe theoreticallow-
drag rangefor all.the airfoilsat the lowerReynoldsnmibers. Hence,
for theseReynoldsnumbers,the firstsmll pressurepeakswhichform ,

near the leadingedgeas the lift coefficientiE increaseddo not cause
transitionfrom laminarto turbulentflow. For mostReynoldsnumlers,
the data show thatthickairfoilswith the positionof minimumpressure v
far fomard tendto have the widestlow-dragz%ges.

The increasein hag with increasinglift coefficientwithinthe
low-dragregionshownfor someof the airfoilsat the luwerReynolds
numbers(particularlypronouncedfor the EACA @2-h15 section,fig. 3(o))
is believedto be associatedwith the formationof a ~ separation
bubblebehindthe positionof minimumpressure. The exactbehaviorof
thisbubbleas the lift coeffici=tand Reynoldsnumberare varied,
however,is not entirelyclearat the presenttime.

Althoughthe comparativelyhigh valuesof the minimumdrag
coefficientshownby the five NACA 4- and 5-digit-seriesatifoilsections
(figs.U. to 15) precludethe possibilityof a low-dragrmge correspmding
to extensivelamhar layerson the airfoilsurfaces,thereis a rangeof
lift coefficientthroughwhichthe drag of theseairfoilschangesvery
little. Althoughthemannerin which thisrangev~les withReynolds
numberfor the clifferentairfoilsis not verywe~ deftied,theredoes
seem to be a tendency,which is especiallymerkedin the casesof the
NACA ~1.2and NAC!A230.12airfoilsections,towarda decrmse in the
extentof thisrangeas the Reynoldsnumberis decreased. Thiseffect
is believedta be associatedwith the formationand behaviorof a
lamimarseparationbubblea shortdistancebehindthe lead.lngedge
on the suctionsideofihe airfoil..As previouslystated,however,the
detailsof the mechanicsof the Umir@r separationbubbleare not
completelyunderstood.

.

.
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The drag polarsfor the airfoilstestedwith roughenedlead.img
edgesdo not generaUlyhave a rangeof lift cmefficientoverwhich the
drag is essentiallyoons%t but, rather,are of psrabolic form. The
lowerportionsof the parabolas,overwhich the dragvariationwith
lift coefficientis the least,appearto becomemmmwer ta most of
the airfoilsas theReynoldsnumberis reduced,emept at the lowest

Reynoldsmmber (0.7 x 106). The behaviorof’the dragpolarsat a

Reynoldsnumberof 0.7 x lC$ yrobablyresultsfrom the faot that the
leadhg-edgeroughnessemployedwas not sufficientlylargeto oause
fullydevelopedturbulentboundarylayersat this low valueof the
Reynoldsnumber. ti most cases,airfoilthiclmessand osnberdo not
appearto have a very pronouncedor consistenteffeotuponthe manner
in which the lift-coefficientra&e correspondingto the lowerporticn
of the drag poks of the roughu 6-seriessectionsvarieswith the
Reynoldsnmnber,or upon the actualwidth of the range itself.
Movementof the ~ositionpf minimumpressureon the basic thichess
form at zerolift from 40 percentto 60 percentof the chorddoes,
however,seemto reduoethe width of the reageat mostRe~olds nuuibers.
The datafor the NACA 4- and 5-digit-seriessections(figs..U to 15,
part (c)) showthat the rangeof lift coefficientcorrespondingto the
lowerportionof the drag polarsfor theseairfoilsin the rough
conditiondoesnot differgreatlyat mostReynoldsnumbersfrom that
shownby most of the NAO.A6-seriesseotions.

MMmum araq.- The Reynoldsnmuberhas a very importanteffeotupon
the minimumdrag (figs.1 to 15, part (c))of the airfoils,both in the
smoothconditionand with roughened.leadingedges. ~ orderto show
more clearlythe magnitudeW trendof the effect,the drag coefficient” “
correspondingto the measureddesignlift coefffcient(designatedndnimum
bag coeffictent) has been plottedin figure16 as a funotionof Reynolds
numberfor each of the 15 airfoilstested. For conveniencein comparing
the drag vsriationof the clifferentairfoils,the datafor the NACA 6-
seriesairfoilsare arrangedin thisplot in threegroupsaccording
b systematicvariationsof thickness,camber,and thicknessdistribution.
The datafor the NACA 4- and 5-digit-seriessectionsare plottedin one
group. The drag coefficientat the experimentaldesignlift ooefficient
is seen to inoreasewith decreasingReynoldsnumberfor all the airfoils
in the smoothcondition(fig.16(a))and, exceptat the lowestReynolds
number,for the airfoilswith roughenedI.- edges(fig.16(b)). The
previouslymentionedeffectof roughnesssize is probablyresponsible
for the dragreductionshownby the resultsfor the roughairfoilsat a
Re~olds numlerof 0.7 x l&.

For the smoothN/MA 6-seriesairfoils,the amountby which the
minimumdrag ooefficientinoreasesas the Reynoldsnumberis lowered
appearsto becomelargeras the thicknessratio of the seotionsis
inoreasedand as the positionof minimm pressme is movedrearward along
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the chord(fig.16(a)). Variationof camberseemsto produceonly
slight,inconsistentclmngesin slopeof the curveof &g against
Reynoldsnumber. Thesetrendsindicatethat the advantagein drag
reductionto be derivedfrom the use of thinairfoflsectionsIncr=sea
as theReynoldsnumberis loweredand thatrehtiv’elyfar forward
positionsof mintiurapressureare desirableat low valuesof theReynolds
number. It is interestingto note that,althoughthe purposeof moving
the positionof minimumpressurerearwardto 60 percentof the chordis
to decreasethe drag by ticreasingthe relativeextentof laminarflow,
the sectionwith mininumpressurefarthestforward actuaUy has more
favorabledrag characteristicsat the two lowestReynoldsnumbers. The
fact thatregionsof lsminarseparationprobablyexistbehindthe
positionof mirdnumpressureand tirease tn extentas the atifoil
thicknessis increasedand as the positionof minimumpressureis moved
rearwardis believedto be responsiblefor the observedeffectof
airfoilthicknessand iihiclmesadistributionon the dragat the lower
Remolds nmbers.

The drag datafor the NACA 4-digit-seriessad 5-digit-seriesaitioils
in the smoothsurfacecondition(fig.16(a))genemUy do not showas
much variationwith Reynoldsnumber’as do tiosefor the NACA 6-series .
sections. Becauseof the clifferencssin scaleeffect,the advantagein
-g r~uction derivedfrom employ= a smoothu 6-seriessectionas
comparedwith one of the smoothNACA 4- or 5-digit-seriessections .

diminishesas theReynoldsnumberis luwered. At a Reynoldsnumber

of 0.7 x 106, the tiagvaluesfor tie smoothconditionof tie NACA 6-
seriesairfoilsand the NACA 4- M 5-digit-seriessectionsare of about
the sameorderof magnitude. The fact thatthe scaleeffecton the
mird.mumdrag OF the NACA 4-digit-snd 5-digit-seriessectionsis smaller
than that-shownby the NACA 6-seriessectionsmy yossiblybe attributed
to the followingtwo effects: first,from someprelhnbwy studiesthere
is reasonto believethatthereexistson–theMACA 6-seriessectionsa
regionor laminarseparationbehindthe positionof minimumpressure
which Lacreasesin extentas theReynoldsnumberis loweredand causes
the drag to increaserapidJy. Within the samerangeof Reynoldsnumber,
however,the transitionpointon the NACA 4-digit-and 5-digit-series
sectionsis aheadof the incipientlamtnarseparationpoint so thatno
regionsof separatedflow exist. Second,the transitionpointon the
NACA 4- and 5-digit-smiessectionsprobablymovesrearward as the
Reynoldsnmiberis reduced.so thatthe relativeextentof lamhar flow
increasesas the Reynoldsnumberis decreased. The extentof ~r
flow on the NAC!A6-seriessectionsis limited.at the positionof laminar
separationwhich,of course,doesnot varywithReynoldsnumber. E
theReynoldsnumberwere sufficientlylow so that the transitionpoint
on the NACA 4-digLt-and 5-digit-seriessectionswere to occurbehind
the incipientseparationpoint,regionsof l.sminarseparation
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and, consequently,higherdragsand more pronouncedscaleeffectwould
be expectedfor theseairfoils.

In the roughsurfacecondition,the mldmnzmdrag coefficientsof
the liACA6-seriessmd 4- and 5-digit-seriesairfoil.sectionsvarywith
Reynoldsnwnberh aboutthe samemanner. The valuesof the drag of
comparableNACA 6-series,00-series,and 230-seriessectionsare also
abo’utthe sameat mostRqnolds numbers;whereasthe &ag valuesof the
NACA hk-seriessectionsaxe, comparatively,appreciablyhigher. In
general,increasesin the airfoilthiclmessratioand cambercause
ratherconsistentincreasesh the drag throughouttheRe~lds number
range;whereasvariationsin thicknessform seemto have a relatively
ti effect.

outsidethe low-dragraxwe.- lhom an inspectionof the data of
figures1 to 15, it can be seen thatthe &g outsideof the relatively
flat portionof the polar ticreasesfor all the airfoilsin the smooth
and rough surfaceconditionsas theReynoldsnumberis lowered

from 9.0x 106to 0.7x 106. The magnitudeof the scaleeffectis
generaU.ylargestfor the smoothsurfacecondition. Variationsh
airfoil-designparametershave some influenceupon the magnitudeand
characterof the scaleeffect;however,consistenttrendsare difficult
to distinguish.

Lift

The lift pawsmeterswhich are usuallyconsideredto be of most
importanceare the lift-curveslope,the angle of zero lift,and the
mxi.mumlift coefficient.From the lift data presentedin figures1
to 1!5,the valuesof theseparametershave been determinedat each
Reynoldsnumberfor the airfoilstestedand ere plottedas functions
of Re~olds numberin figures17 to 22.

Lift-curveslope.- Accordingto reference1, the slopeof the lift
curveis consideredto be definedby a straightline tangentto the
lift curveat tie desi~ lift coefficient.The lift-curveslopesfor
a Remolds numberof 6.0x 106, presentedin reference1, couldbe
determined.quiteeasiQ h accordancewith this definitionsincethe lift
data correspondingto the higherReyIIoldsnumbersgeneraKlyshow onlya
smallmount of dispersionand are chamcterizedby a nearlylinear
variationwith singleof attackwithinthe low lift-coefficientrange.

- b the presentexperimentsat Reynoldsnumbersbelow 3.0 x lC@, however,
the necessarilylow dymmic pressuresreducedthe accuracyof the
measur~ apparatusso that some scatteris presentin the lift data.
For thisreason,and becausesome of the lift curvestendedto have
slight~ogs and variationsin slopenear the designlift coefficient,
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comparablemeasurementsof the lift-curveslopefor differentReynolds
numbersdid not appearfeasibleby the methodamployedin reference1.
The lift-curveslopeswere thereforeconsideredto be definedby the

,

best straightline throughthe experimentalpointsbetweenzeroLtPt and
the designlift coefficientfor the camberedairfoils. For the two

symmetricalsections,the lift-curveslopeswerO determinedby the best
fairingof the data from zero lift to a few tenthsin lkl?t.coefficient
abovead below zerolift. The lift-curveslopescorrespondhgto all
theReynoldsnumbersfrom9.0 x 106 to 0.7 x 106 were measuredaccorUng
to thisprocedureemd ere presented.for the 15 airfoilsin the smoothsnd
rough surfaceconditionsin figure17.

An examinationof the data of figure17 indicates that the value of
the slope of the lift curve for the smoo

P
airfoilsdecreasesas the

Reynoldsnumberis loweredfrom,9.0 x 10 to 0.7 X ld. The magnitude
and characterof the scaleeffectvary somewhatfor the cliffemnt air-
foils;however,thesevariationsin scaleeffect-donot formaqy
consistenttrendswith syste?mticchangesin the designp’ameters of
the aitioils. In most instances,for the smoothairfoils,the decrease
in lift-curveslopewhichaccompaniesreductiorwin Reynoldsnumberis
greatestbetwea.Reynoldsnumbersof 3.0 x 16 and 0.7 X 106,with .

variationsin Reynoldsnumberfrom 9.0x 106 to 3.0x 106 usuallylmvjng
an almostimperceptibleeffecton the slopeof the lift curve(fig.17(a)). =
b comparisonwiti the *ta for the NACA 6-seriesa~o~, tie ltit-
curveslopeof the NACA ~1A2U? airfoilis seento be ratherluu at all
Reynoldsnumbers. As pointedout in reference3, the trailing-edge
angles of the N/WA 6A-seriessections,whichare largerthan the traikkg-
edgeanglesof the NACA 6-seriessections,causereductionsin the lift-
curveslope.

The additionof roughnessto the leadingedge uswal.lyresultsin
lowerlift-curveslopesfor all the airfoils(fig.17(b)). In general,
however,for any particularairfoil,the decrementin lift-curveslope
due to roughnessdoesnot seemto vary to any largeextentwith the
Reynoldsnuuiber.

AnKle of zerolift.- The datapresentedin figure18 indicate&t
the eagle of zerolift of most of the airfoilschangesto some small
extentwith Reynoldsnumber,but in most casesthe scaleeffectis
relativelyinsignificant.The additionof standardleading-edgeroughness
(fig.18(b)) causesa chengein the magnitudeof the angleof zerolift
of most of the airfoils.

Maximumlift coefficient.- The lift parameterwhich is most
affectedby variationsin theRe~olds numberis the mdmnzm lift
coefficient(figs.1 to 15). A discussionof the flow phenomena
associatedwith the occurrenceof maximumliftand the relationship

.

betweenthesephenomenaand the Reyaoldsnumberis givenin reference5.
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The plot of maximumliftagainstReynoldsnumberfor the clifferentair-
foils (figs.19 to 22) showsthat,in ECU cases,decreasingtieReynolds

numberfrom the highestvalueto 0.7 x 106 effectsreductionsin the
maximumlift of the airfoils,with and withoutsplit flaps,in both the
smoothand rough surfaceconditions.The mannerin which the DECCimUm
lift of the airfoilsvarieswithReynoldsnumberand the magnitudeof
this variationare seen to dependupon the afioil design,surface
condition,and whethera splitflap is employed. Uhfortunately,the
data also showthat the typeand magnitudeof the scaleeffecton the
maximumlift do not vary in any very consistentmannerwith the airfail-
designparametersinvestigated.It is not possible,therefore,to
predictfrom the comparativevaluesof the meximumlflt of a groupo;
airfoilsat one Reynoldsnumberthe advantageone airfoilwill have over
smotherat my otherReymoldsnumber.

As an exampleof the mnner in which the meritsof clifferentair-
foils changewith Reynoldsnumiberconsiderthe meanerin which the
comparativevalues of the maxfmumlitt of the ~CA 6k-409and NACA 6$-418
airfoilsin the smoothconditionchangeas theReynoldsnuniberis

loweredfrom 9.0 x l& to 0.7 x 106 (fig.19). Noticealeo that the
ratherlargeadvamtageof the NACA 230U airfoilin the smooth,plain
conditionas comparedwith the NACA 641-412and NACA h412 sections .>
decreasesand finalJyvanishesas the Reynoldsnmber is progressively

reducedfrom 9.0 x Id to 0.7 x l& (figs.20 md 22). ~ general,
thereis less scaleeffecton the maximumlift of the airfoilswith
roughleadingedgesthan on the airfoilswith smoothsurfaces. Surface
roughness,nevertheless,has a largeeffectuponthe comparisonof some
of the airfoilsfor theclifferentReynoldsnumbers. Again considerthe
data for the NACA 23012sectionwhich showthat the maximumlift of this
plainairfoilwith roughnessbeoomesprogressive~less favorable
relativeto that of comparableNACA 6-seriessections(NACA641A.212and
NACA 641-4u) as the Reynoldsnumberis reducedand is actuallyless than
that of the ILK.%64-4ogsectionbelow2.0 x 106;whereasat practlcaU.y
all.Reynoldsnumbers,the plainNACA 230E sectionwith smoothsurface
has msximumlift coefficientsas high as or higherthan thoseof comparable
6-seriesairfofls. With splitflapsdeflected600, the data show that
the ammnt and type of msximum-liftvariationwith Reynoldsnumberare
not neces~ily the ssmeas indicatedby the resultsfor the plati
aifloils;and again,the comparativevaluesof the maximumlift of the
varicmsairfoilswith splitflapsare seento changewith the Reynolds
numberand surfacecondition.From the viewpotitof the airctit
designer,the most importantconclusionto be drawnfram these
maxtium-llftdata is that the selectionof an airfoilfor a given
applicationmust be made from dataat a Reynoldsnumbercorrespondingto
the Re~alds numberof the application. . .
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stalJsngcharacteristics.- lh airplanedesignproblemsthe manner
in which the airfoilstaid.sis frequentlyof great@ortance. The
lift data in parts (a) and (b) of figures 1 to 15 show that the type
of stalldependsupon the Reynoldsnumber,airfoildesign,surface
condition,and whethera splitflap is employed..In general,the data
for the plain,smoothNACA 6-seriessectionsshowthat the stallbecomes
less abruptas the airfoilthiclmessand caniberaxe increasedand as
the Re~lds numberis reduced, The favorableeffectof a decreasing
Reynoldsnumberon the characterof the staU is not evidentin the data
for tie WM 6-seriesairfoilsof 15- and 18-percentthic~ss and for
the airfoilof 0.6 Uesignlift coefficient.Thesesections,however,
sliowfavorablestallingcluxracteristicsat all Reynoldsnumbersas
comparedwith the ratherabruptstallsshownby the tMmner sections
and sectionsof smallercamberat the higherRepolds numbers.
Variationsin thicknessform correspondingto positionsof minhmm
pressureon the basicthicknessform at zerolift from 30 to 60 percent
chorddo not appearto have any effectuponthe characterof the stall
of the 1~-percent-thick,smoothairfoilsections.R~ d movementof
the mlnlmum-~essme pointmay, however,have some - adverseeffect
upon the stallingcharacteristicsof airfoilsthinnerthm 15 percent
of the chordas Indicatedby data correspadingto Reynoldsnumbers. .
from 3.0x 10b to 9.0x 10b for 12-percent-~ck airfoilshaving
differentpasitionsof minimumpressure(reference1).

h the smoothsurfaceconditi.cmthe two NACA 230-series sections
are seento possessextremelyundesirablestallingcharacteristicsat
nearlyall Reynoldsnunibers,whereasboth of the NACA ~-series sections
have very good stallcharacteristicsthroughouttheReynoldsnumber
range investigated.The stallof the NACA 0012 sectionis very acuteat
the higherReymoldsnuribersbut, like the NACA ~-012 airfoil,
reductionsin theReynoldsnumberhave a somewhatfavorableeffect.

In the rough surfacecondition,nearlyaU of the plalnairfoils
have good stallingcharacteristicsat mostReynoldsnunibers.The
NACA 230-seriessections,and at the higherReynoldsnumbersthe NACA 0012
section,are notableexceptions,for even in the rough conditionthe
stallingcbracteristicsof theseairfoilsare ratherundesirableat
mostReynoldsnumbers.

With 0.20csplitflapsaeflected600, the stallingoharacteristics of
the smoothNACA 6-seriessectionsdo not vary in an entirelyconsistentmanner
with eitherReynoldsnumberor airfoildesign. ~ some cases,&ecreasirg
the Reynoldsnwnberimprovesthe stillingchsmcteristics(exsmples,
~~ 64-409and ~~ 641-k~ sections); in othercases,decreasingthe
Repolds numberdoesnot seem to affectthe s- (NACA64 -418);whereas
in stillothercases,the stallsems to be affectedslighb adversely
ly reducingtheReynoldsnumber(NACA632-415). It is interestingto “
note that,whereasincreasingthi.clmessimprovedthe stallof the plain .
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~M 6-seriessections,the ~U 642-4L5andNM2A 643-418sectionswith
flapshave sta12@ characteristicsat Reynoldsnuribersbelow 6.o x 106
generaldyless destible than thoseof the 9-percent-thicksection.
Neithervariationsin thicknessfcrmnor insmount of @er seem to
have a very tiportanteffectupon the stall,although-thestallof the
66-seriessectionat the dtiferentREqnol.dsnumbersmybe somewhat
nmre desirablethan the stallsof the otherairfoilsof 15-yercent
thickness. The smoothNACA 23012,23015,and a)12atifoilsectionswith
splitflapsare characterizedby quiteabruptstallsat all Reynolds
numbers. The NACA ~-series sectime, when equlppdwith splitflaps,
possessstallingpropertieswhichare somewhatsidlar to thoseof
comparableNAC!A6-seriessections.

Exceptfor the NACA OOE2snANACA 230-seriessections,the addition
of roughnessusuallyimprovesto somedegreethe stallingcharacteristics
of the airfoilswith flaps,althoughthis is not alwaystrue. (See,
for example,the data for the NAC!A643-418section,fig. 4(b).)

YitchingMomentand AerodynamicCenter

.

The valuesof the quarter-chordpitch~-moment coefficient
ccn’res~ondbgto the designanglesof attackshowpracticallyno
variationwith Remolds nwiberfor q of the plainairfoil.&(figs.1 .
to 15, part (c)). Acc~mpanyingchamgesin the Reynoldsnumber,some
changein the slopeof the pitching-momentcwve againstangleof
attackis noticeable. Consequently,the chordwisepositionof the
aerodynamiccenterv&riessomewhatwith Reynoldsnunlber;however,these
variationsdo not appesrto fomn any consistenttrendwith theReynolds
number(figs.1 to 15).

When the airfoilsare equippedwith splitflays thereis some
variationwithReynoldsnuniberof the quarter-chordpitchingmoment
correspondhgto zero@e of attackfor severalof the airfoils. mis
VariatiOnu6M~ consistsof a decrease~ ~@t~e of the coefficient ‘
with decreasingReyncMs nmber and is most pronouncedfor the thicker
airfoilswith far back positionof minhum pressure. Thereis also
some changein the shapeof the curveof pitchingmomentplattedagainst
angle of attackwithReynoldsnumberfor severalof the airfoils. T%is
chsmgeof shapeusuallyconsistsof a decreasein magnitudeof the
pitchingmomentwith increasingemgle of attackwhichbecomesmore
~mxmced as theReynoldsnumberis reduced..The magnitudeof the effect
seems,lmbecomemore pronamced as the atifoilthicknessati camberare
increasedand as the positionof mininnmpressureis movedreamerd.
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CONCLUSIONS

From investigationsof the two-dimensionalaerodynamicchmacter-
istlcsof 10 NACA 6-seriesand 5 NACA 4- and 5-digit=seriesairfoil

sectionsat sevenReynoldsnumbersfrom 9.0 x 106 to 0.7.x106, the
followingconclusionscan he drawn:

1. The dxag coefficientat the designlift coefficient(designated
tiimum drag coefficient)of each of the 15 airfoilsboth h the smooth
and roughmrrfaceconditionsincreasedas theReynoldsnumberwas

loweredfrom9.0x106 to 0.7 x106. The mgnttude of this increase
becamelargerfor the smoothNACA 6-seriessectionstitihincreasing “
airfoilthiclmessand rearwardmovementof the positionof minimum
pressureon the basicthicknessformat zerolift. Ih the roughsurface
conditionand at the lowerReynoldsnumbersin the smoothsurface
condition,the reductionin minimumdrag to he derivedfrom the use of
NACA 6-seriesas camparedwith NACA 5-digit-seriessectionsdisappeared.

2. Reductionsin theReynoldsnumbergeherallycausedsome increase
in the extentof the low-dragrangef-orthe smoothNACA 6-seriesairfoils.
For all the airfoils,the actualextentof-thelow-dragrangewas geater
than the theoreticalvalueat the lowerReynoldsnumbers. ,

3. DecreasingtheRepld.s numberfrom9.O XI06 to 0.7 X.106caused
reductionsin the maximumlift of all the airfoilswith W without
splitflaps,in both the auootheml roughsurfaceconditions.The
magnitudeand characterof thisreduction,however,vsriedrather
inconsistentlywith airfoildesignand surfaceconditionso that the
comparativemeritsof the groupof atifoil.schangedmarkedlyand in a
ratherUnpredictablemannerwithReynoldsnuribermd surfaceconditions.

4. ~ general,reductionsin the Reynoldsnu?iberappearedto
decreasethe sharpnessof the stallon thoseNACA 6-seriesairfoils
for which-thelift curvesare characterizedby ratherabruptlossesin
llftat the stall. The very undesfiablestallingcharacteristicsof the
NACA 230-seriessectionswere not huprovedIn eitherthe smoothor rough
surfaceconditionby reductionsin theReynoldsnumber.

.

.

5. Some decreasein the lift-curveslopesof the smoothand rough
airfoilsaccompanieddecreasesin theReynoldsnumber. The typeand
magnitudeof the scaleeffectchangedto a smll degree,with variations
in the airfoil-designparametersconsidered.hmost casesthe angleof
zerolift seemedto be almostindependentof variationsin theReynolds
number.

.
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6. The valueof the quarter-chordyitchingmomentat the design
sngleof attackdid not varywith Reynoldsnumberfor the Qati airfoils.
The chordwisepositionof the aerodynamiccentervaried.somewhatwith
Reynoldsnumber,but thesevariationswere, in most cases,relatively
small. With 0.20-chord.simulatedsplitflapsdef>ected.600, the value
of the qwter-chord pitchingmomentat zeroangle of attackin many
casesvaried,somewhatin magnitudewith Reynoldsnumber.

LangleyAeronauticalLaboratory
NationalAdviso~ Conmitteefor Aeronautics

LangleyMr Force Ease,Vs., July 6, 1949
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(a) Section lift and pitching-moment characteristics o: the plain airf.11 section. G

I?lgure l.-
&

Aercdynemic chexactjerhtl.cs of the NACP.~09 atioll section,2&i&h chord.
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(b) Section lift end pitching+ncment characteristics of the NACA WQ atioll section with a
0.20c shmlwted split flap deflected 60°.

Figure I.-Continued.
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(c) Section drag characteridica and section pitching~nt characteristics about the aero-c

center of the plain WA ~~ a~oil section.

Figure l.- Concluded.
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(a) Section Mft and pitching+nomant chsracteriwkica of the pbin a~oll section.

Figure 2.- Aerodynamic characteristics of the NACA 641-412alrfollsection,24-inohchord.
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(b) Sect ion lift and pitching+noma nt characteriatlc~ of the klCA 641-412 airfoil section Witihu

0.20csm~ea split~le@ deflected60°.

FigureE?.-Continued.
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(c) Section drag characteristics andsection pitching-mommt characteristic about the aerodpamic
center of the plain NAC!.A641-412 airfoil section.

,
Figure !2.-Concluded.
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(a) Section lift and pitchi& nt characterlstlce or the plain airfoil Ewwtion.

F@re 3.- A.erodynamic character18tlcs of the NAM @h&5 ahfoil eect~on, 24-inch chord.

. , 1. .
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(b) 13ection Uf% ami.pitch.ing+ncwmt characteristics of the IWC.A 64#+lqalrfoil sectionwltha
0.200 eimulatedsplitK1.apdefleclmd60°.

Figure 3.-

!, ;.
1

Continued.
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(c) Section dxag characteristics and sec%ion pltcM~~nt characteristics about the aeromc

center. of the plati NACA d@-415 airfoil section.

WJLUY3 S.-concluded.
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(a) Section lift and, pitching+nome nt characteristics of the plain a~oil section.

Figure 4.- Aerodynamlc characteriatica of ths WA 64#118 airfoil eection, 2kinch chord.



(b) Sect Ion 1ift and pitching-?ncmsnt characteristics of the MCA 643418 atifofl secti~ ~th a s

0.20c simulated split flap deflected 60°. G
&

Figure 1.- Continued.
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(c) Sect Ion drag chara~terietlcs and section pitching+mment characteristics about the aerodynamic
center of the phtn u @+3J+18a~oil seckion.

Figure k.-Concluded.
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(a) Section lift and pitching—+anmant characteristics of the plaln airfoil section.

Figure 5.–Aerodynamic chmacteriatics of the W 641-012 ajrfbll section,.2&lnch chord.

w
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(b) Section lift and pitching~mnt characteristics of the NACA 641-012 airfoil sec tion

with a 0.20c s-ted split flap deflected 60°.

I@ure 5.-Continual.
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‘(c) Sectlon~ characteristics and section pltchlng-mment characteristics abouttha aerodynamic”

center of tk plainlWA 641-012 atiofi section.

Flguxe 5.-t3oncluded.
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(a) Section lift and pitching~ nt ckqacterfstics of the plain airfoil section.

~igue 6.- A.eroiiynamic characterlf3tlcs of tha NACA ~A212 a~ofi section, 2!_-lnoh chord.
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(%) Section itrag characteristics and section pitc~~ n-tcharacteristics about the aerodpamic
~, center of the pkin lV4CA 6J@212 airfoil motion.

Figure 6.-Concluded.

,. . . , .
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(a) Section Mft and pitchi~nt characterhtica of ths plain airfoil mction.

Fimre 7.– Ae??odynauLLc characteriatice of the WA 64~-612 airfoil section, 24inch chord.



(b) Sec Lion lift and pitchm+ument characteristic of the lTACA 6$1412 alrf’oil section with a

0.20c simukted split flap cleflected 60°.

Figure Y.–Continued.
.
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(c) Section drag characteristics and sect ton pitching+mmmt cheracteriatics about the aerodynamic

center of the plain WA 6h1~12 aMoil aecti.on.

I

Figure 7.- Conceded.
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(a) section lift and pitching+uoment cbaracterlstlcs of the plain airfoil section.

Y’@ure 8.– Aerodynamic characteriHtica of the w 63,#t15 amoil section, 2~inch chord.
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(b) Section lift and pltch~nt ckacteriatica of the IMA 63#15 a~oll sectionwlt~ a
0.20cehmlated spiltflap deflected60°.

Figure 8.- Continued,.



,}(c) Section dra$3cMacteriaticB and eectlonpitching~ti characterieW.cs about the aerodynamic
center of tha pkk = 63#M a~oil Bection.

,, Fi@rs 8.- Concluded.
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(a) Section lift and pitchlng-mcament characteristics of the plain airfoil eectlon.



(b) Section Mft and p~tchlng+mmnt characteristicsor the l?MA 6915 a~ofi sectiontit~ a
0.20cstiulat.ed.~pl~tflap defleclml60°.

.

Figure 9.- Conttiued.
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.(c) Section drag cbamcteriatics and ,ection pitc~~nt ckacterietics about the aerm@@nic

center of the pkti w 65#+15 amoil section.

t
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3
~igure 9.- C.mluded,
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(a) %ctiti lM% @ pitcMng+noment characteristics of the plain a5rPoil section.

chsracter~atics of the WA 6+415 airfoil “section, 2Kfich chord.
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(b) Section lift and pitching+mmant characteristics of the II/MM66#+15 atifoil Eection With a

0.20c slmul.at.edsplit flap deflected 60°.
~

Figure 10.– Continued.
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(c) %di~ drag chaz-ac:erlsticB alla section pltcmog+mme nt characteristics about the aerodpamic

center of the plain WA 66@15 airfoil section.

,“ ‘,

Figlme 10.- Conclud.ed.
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(a) Section lif’tand pitching+mment charactiristica of the plain airfoil section.

FiKLWe 1.1..-J%rodym.mic characteriatlcs of’the NACA 0012 airfoil section, 2~!lnch chord.
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(b) Secticm lift and pltcbing+momnt Cfia-acterlstics of the NACA_oO12 airfoil aectlonvith a,;. .
0.20c dmil.ated E@it

I
Fi@Pe l.J..-

,ii

‘ :“;

flap deflected 60°. i%

Continued.

.
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(c) Section drag characts??lstlca and seotlon pitchi ~nt clwracteristics about the aerodynamic

center of the Plati IUCA 00U a~ofl section”
UI
m

Fi@II’o KI..-ComlWd.
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(a)SectionU~t and J?ltcMn&nomentcharacteristicsof the platia~oll section. G

Figure12.-Aero@umic characteristics of tha IVACA WIJ2 aim?dl section, 24-inch chord.
&
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(b) Section lift and pltc~~nt characteristics of the IWCM MU ah-foil EIectlm with a

0.20c almlated split flap deflected 60°.
WI
\n

FQure M!.- Contti~d.
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(c) Section drag characteridics
center

. ●

R 1,0. pOdtirn-
% Y/o

and section pitchmymmle nt characterhtlcs abotitthe

of the plain IUCA 4412 alr?oil section.

Figure H!.- Concluded.
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(a) Section lift and yitchhg+loment characteristics of the plain ahzfoil section.

Figure 13.- brodynmuic characteristics of the NIWA 4415 airfoil.Bectlon,2&lnch c~ord.
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(b) Section 15ft and pltcMn@noma nt characteristics of tbe HAM 4415 airfoil section with a
0.20c dmulated split flap deflected 60°.

. .

Figure 13.- Cmmlluea.
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(c) Sec’tlon drag charaoteTiet~cE and section pitching+nomn% cheracterls%ica about the aerodynamic

center of -We plaln W 4415 afioll section.

rigure13.-corll.?luaed.
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(a) Section lift and pitcbing+ment characteristics of the plain airfoil section.

Figure 14.- Aerodynamic characteristics of the WA 23012 airfoil section, 2h-inoh chord.
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(b)Section lift and pltchm+noment chmacteristics of the MWA 230W airfoil section with a
0.20c Bimikted EIplitflap defbcted 60°.

Figure lk.- Continued.
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(c) Section drag characlxrlst ics and Bectkm pitching+umuent characteristics about W aerodynamic

center of tbs plaf.u lWx 23012 atiofl section.

r .

FQurq ~k.-Conchded.
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(a) Section lift and

Figure 15.- Aerodynamic

characteristics of the pl.ati atrfoll section.

of the WA 23015 afifoll section, 2&iach chord.



(b) Section lift and pitCMng+nomnt chamcteristfm of the WA 23015 alrfofl sectim with a
0.20c ainuilated spilt flap deflected @o.

Figure 15.-Contlnued.
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(c) Section drag cheractmietics and section pitcMngpmnent characteriatlca about the aerodynamic

center of the plaln MACA 23015 airfoil section.

Figure 15.- Concluded.
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(a)Airfoilswith smoothsurfaces.

Figure 16.- ~ariatio~ with Reynoldsnumberof secttin-tiagcoefficientat -
designlift coefficientfor the 15 plai~ atifoils.
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(h)AMoila with standaqdleading+dgeroughness.

Figure16.- Concluded.
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(a) Airfoilswith smoothsurfaces.

Figure17.-Veriationof.sloyeof the sectionlift cum% with
numbeafor the 15 plainairfoils.
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(lI)Atifoib with etantid leading+dgerouglmess.

FigLwe17.– ~oncl~ed.
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Figure18.-Concluded.
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Figure 22.- Variation with Reynolds muiber of IUELX- section lift
coefficient for three IWCA tiigit-series airfoils and two
IWA ~igit-series airfoils.
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